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*
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I. The Data

A reverberation chamber was installed in March, 1966, in order /5U*#
to study the vital reactions to neoise and the possible preventive
measures, ﬁot many reverberation chambers of this type are 1n exist-
ence. Most of them are Intended for investlgating the sound ab-

sorption and noise insulation performance of bullding materials.

Qur Laboratory's reverberation chamber is for biological experi-
‘mentation concerning the effects of alrcraft noise. It has been

planned, not only for the reverberation performance, but also so that /55

living organisms can be observed and the data recorded.

The purpose of this report is ftc Investigate the performance

data of the reverberation chamber in cur llaboratory and 1ts noise

%
Aeromedical Laboratory (Commander: Sakae Yokobori).

%
Numbers in the margin indicate paginatlon in the original foreilgn
text.



field generator in order to provide reference materials for planning

future experiments.

This test research was performed between May and August, 1966.

"’?re.,:
<.
“":sm_fih]m"“?
2 I
\\gl ;
N8y A < ,_L.
1
e

Figure 1-b. Structural data of reverberation chamber:
5 — Height 6.2 m; b — Height 6.7 m; ¢ — Heilght 6.7 m; d —— Window;

e — (Reverberation chamber); f — Observation windows; & — Reverbera-

tion chamber entrance; h — (Measuring room); 1 — Window; Jj —

Window; k — Height, 7.7 m; 1 — Height 7.7 m; m — Ventllation open-
ing; n — Measuning room entrance-

Thickness of reverberating walls: 20 _cm; Ceiling inclination angle:
10°; All lengths are given in terms of inside measurements 1
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Figure l-a. Block diagram cof equipment installed in
reverberation chamber:

Nemenclature: noise field generator
Standards: Nippon Sokki )3S-260



II. Experimental Methods

1. An 08-260 type noise field generator manufactured by Nippon
Sokki, as shown 1in Figure l-a, 1s used as the sound source. The
sound-pressure meter of the noise field generator sheown in the [igure,
as well as an indicatlng noise meter (1961 model, manufactured by

Rion}, were used for taking the sound-pressure readings.

2. Pure tone (200 - 5,000 c¢/s of 100 dB in all cases) and
white noise (100, 110, and 120 dB in the 200 - 10,000 ¢/s band) were
used as the sound sources for testing. A maximum of 100 dB was used

for the pure tone on account of equipment limitations.

3. The reverberation time was measured by means of a measuring
amplifier (354-A) manufactured by Nippon Sckki and a high speed level
recorder (301-A)}. The speciflc values of the reverberation time were
found by applyihg a definite sound-pressure lcad for 30 seconds, then
Interrupting the load. The time after the lcad was Interrupted until
the socund field reached the noise level inside the chamber was taken
as the reverberation time.

That 1s, since The background noise inside the chamber had a
mean value of 50 dB, if, for example, the load was 100 4B, the at-
tenuation time from 100 dB to 50 dB would be the reverberation time.

4. The sound pressure distribution inside the chamber was meas—
ured by drawing lines in radial form from the center of the room to
the corners and the centers of the walls. Measurements were taken at
one meter intervals along these lines.

5. Noise transmission ouftside the chamber was measured outside
each of the walls at points in the centers of the walls. The mezs~
uring polnts were: immediately by the wall, 5 meters away from the
wall, and 10 mefters away from the wall. White noise (122 4dB) was
used as the sound source.

6. TFurther information about the structural data of the re-

verberation chamber is given in Figure 1-Db.



iII. Results.

The maximum sound pressure which could be generated in white
In the corners of the chamber and near the wall
Values exceeding 130 dBE
The sound pressure

nolse was 122 dB.
surfaces, the values were 2 - 6 dB higher.
were obtained directly in front of the speakers.

distribution inside the chamber when the maximum sound pressure was

applied was homogeneous, except along the wall surfaces. Figure 2

shows the results of measurements of the sound pressure distribution

inside the chamber. The homogeneity of the distribution is obvious

from the fipure.
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" Figure 2. Sound pressure distribution inside re-
verberation chamber when maximum scund pressure
load is applied:

Speakers — 100 W (50 W twin) x 2; sound pressure
immediately in front of speakers —— 130 dB or more;
dots indicate measuring points; socund pressures
are indicated by numbers only; the unit is dB
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2. Reverberation characteristics

The reverberation times were measured for both pure tone and
white noise. With pure tone of 100 dB and 200 c¢/s, the time was
22.6 sec., With white noise of 100 dB and 200 - 10,000 c/s, the

time was 12.9 sec.

The reverberation characteristics of the pure tone and of the
white nolse are recorded in Figure 3-a, from which cone can obfaln a
grasp of the attenuation patterns of the various sounds generated.
The reverberation times of the pure tone for various freguencies are
shown in the graph in Figure 3-b. As the frequencies become higher,
the reverberation time decreases, plotting a curve in the form of a
logarithmic¢ function. TFor the sake of comparison, the results ob-
tained by the firm Rion K. K. with the same tYEF of equipment are
shown 1in Figure 3-b by a broken line.

' A

Typical attenuation patterns of pure tone and white noise are
as shown in Figure 4. That is, while pure tone dilsplays a wave
motion as it is attenuated, white noise is attenuated more or less

in a straight line.

Pure tone displays a wave motion, not only when it is being
attenuated, but even when a constant sound pressure is maintained.
It has fluctuations of +2 &p. In other words, a stationary sound
pressure cannot be maintained with pure tone. On the other hand,

almost no fluctuations occur in white noise. These clrcumstances -

s
]

are shown in Figure 5.

If we perform frequency analysis of the componenté of the sound
field produced by pure tone,'as‘shown in Figure 6, using y to .repre-
sent the frequency used in the sound source, second and third har-
monics of 2y and 3x will be detected. It is thought that the wave-
motion phenomena occurring when pure tone 18 generated has something
to do with this.



1004 B
BOes  RUKS TONE

ot
T N 485

Wt
Sea &5 PURE Tong

10028
oD &8 ARE TONE ‘
) dre
5
2. 4 Y q ks ¢ .I
i 20 f
1304844 15
Povw /g FURT TONE
-0 o
9250,
L
sl
" j0042 :
. 9 L ot r 1 st I T
) dovo /s AUNE LIS L el T T L Gk 8
i , o
445 ) . .
. ‘Figure 3-b. Reverberation
times of pure tone for differ-

ent frequencies (the broken

line indicates data cbtained

in the reverberation chamber
& ... ., at Rion K.K.)

Figure 3-a. Process of attenuation
of pure tone and. white noise and
their reverberation times

In order to study the precision of 1ndication of the sound
pressure indicator (sound pressure monitoring unit) of the noise

field generator, an indicating noise meter was useg) to make



comparative measurements
for different sound pres-
The results are
Di-

vergences of 1 - 3 4B

sures.

shown in Figure Y.

are seen in the figure,
but the indications of
oth instruments are more
and the

precision of indication

or less parallel,

may be =zaid to be relisble
if calibration 1is per-

formed.

5. Noise transmisslon

chamber "
The nolse trans-

mitted outside the cham-
ber was measured using
the maximum sound pres-
sure (122 dB) as the
These data
were used to help in

sound source.

studying the reverbera-
The

results of these measure-

tion performance.

ments are shown in Filg-
-ure 8. The data in Fig-
ure 8-a were obtained
-when the windows of the
measuring rcom were left
open, and those in Figure
8-b were obtained when
the windows were closed.

It is clear from the
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Figure 5. _
changes of the sound field of pure tone
and whlte nolse when the sound pressures
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Figure 6. Frequency composition of

sound field when pure tone was used as

the sound source



figures that the values at
a position 10 meters away
from the wall surfaces be-
come more or less the same
as the background noise in
the vicinity around the
reverberation chamber.
However, the noise trans-
mitted to the measuring

room 1s quite loud.

IV. Summary

Let us summarize the
experimental results, in-
cluding also the precau-
tions which are necessary
when actually carrying cut

the experiments.
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Noise transmission outside the chamber (using

noise of 122 d4dB)

The noise values are given at the measuring points.

Meas-

urements by the walls were made at points close by the

walls,

5 meters from the walls,

and 10 meters away from

the walls

.



1. The maximum sound pressure usiﬁg white nolze is 122 4B,
except in the close viecinity of the wall surfaces. The sound

pressure can be maintained at. a stationary level.

2. The sound field resulting from white noise is homogeneous

and does not differ from place to place.

3. The reverberation time is 15.7 sec when the maximum sound
pressure (122 dB) is used. (This is the time after the sound source
has been shut off until attenuation to the bac@ground noise value

inside the chamber.)

4. The following items may be mentioned as precautions in

operation.

(1) When pure tone 1is used, the sound pressure of the sound
field will fluctuate by + 2 dB. Therefore, a stationary state can-

not be obtained.

(2) When experiments are carried out with the sound field main-
tained at a level below 60 dB, the background noise tends to exert
a big influence, since the average valﬂﬂof the badﬂground noise is

50 dB. In other werds, this equipment 1s unsuitable for experiments

aiming at a level below 60 4&B.

{3) The sound ' pressure is not homogeneous close by the walls
or immediately over the floor|. Therefore, areas less than one meter
away from reverberating surfaces are unsuitable as fields forl

experimentation.

(4) The noise field generator must be given a routine check
conce a year, and every effort must be made to guarantee that the
equipment, in particular the generator, the filters, and the sound

' pressure indicator are in good working order.



5. Points for future study.

(1) The maximum sound pressure value obtainéd with white noise
was 122 dB. Studies of eguipment and maferials will have to be made
in the future, and research will be necessary in order to obtain even
higher sound pressures.

(2) Since the noise transmitted through the entrance of the
reverberation chamber is great (amounting to about 100 dB when there
is the maximum sound pressure) and has a great influence on the meas-

uring room, 1t is necessary to remodel or repalr the doorway.
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